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Abstract
Tourism is one of the most highly climate-sensitive economic sectors. Most of its main
sub-sectors, including sun-and-beach tourism and nature-based tourism, play a major role
in the North Sea region and are especially weather–und climate-dependent. On top of that,
most tourist activities in the North Sea region occur in the coastal zones which are highly
vulnerable to the impacts of climate change. Climate acts as both a ‘push’ and ‘pull’ factor
in tourism. Climate-driven changes in tourism demand are hard to determine because the
tourist decision-making process is also influenced by factors other than climate.
Nevertheless, summer tourism in the North Sea region is expected to beneﬁt from rising
temperatures (air and water), decreasing precipitation and longer seasons. Destinations can
reduce the negative impacts of climate change on tourism by adapting to the changes. The
tourist industry also contributes to climate change. Not only is the tourist industry affected
by climate change, it also contributes to climate change itself. Therefore, mitigating the
climate effects of tourism is largely the responsibility of politicians, the tourism industry
and tourism supply. Despite some negative impacts, the overall consequences of climate
change for tourism in the North Sea region are expected to be positive.
17.1 Introduction
The United Nations World Tourism Organization states that
tourism is one of the most highly climate-sensitive (and even
in some cases climate-dependent) economic sectors. Climate
change is therefore a major challenge for global tourism
(UNWTO 2009; von Bergner and Lohmann 2014). The
main sub-sectors include sun-and-beach tourism, sports
tourism, adventure tourism, nature-based tourism, cultural
tourism, urban tourism, health and wellness tourism, cruises,
theme parks, visiting friends and relatives, and meetings and
conferences (Scott and Lemieux 2010). Most of these are
weather- and climate-dependent and play a major role in the
North Sea region.
17.2 Literature Review
The complex relationship between climate change and
tourism has been part of the academic debate since the 1980s
(Fig. 17.1). The ﬁrst papers concerning climate change and
tourism were published in 1986 (Harrison et al. 1986; Wall
et al. 1986). Since then, the number of publications in this
ﬁeld has increased steadily (Fig. 17.2) up to 83 publications
in 2011. From a review of literature between 1986 and 2012,
Becken (2013) concluded that half of the studies concerned
climate impacts on tourism, 34 % dealt with mitigation, and
the remaining 16 % were policy papers or integrative papers.
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Although climate is not the only determinant of destina-
tion choice (Crouch 1995; Witt and Witt 1995; Rosselló
et al. 2005; Gössling and Hall 2006; Bigano et al. 2006a),
attractiveness is largely determined by thermal environ-
mental assets (Smith 1993; Agnew and Palutikof 2000;
Amelung and Viner 2006; for a detailed literature overview
on how climate/weather and tourism interact, see Becken
2010). Destinations with better climate resources have a
competitive advantage (Perch-Nielsen et al. 2010), espe-
cially those for sun-and-sea or winter sports holidays. In
tourism, climate acts as both a ‘push’ and ‘pull’ factor.
A push factor is one where the choice of travel destination is
often related to the weather and climate conditions at the
point of origin and not just at the holiday region. For
example, Hill (2009) found that very rainy weather
throughout much of the early summer in the United King-
dom resulted in an increase in foreign holiday bookings
abroad compared to the previous year. But climate may also
act as a pull factor. In Norway, 84 % of tour operators go to
‘sun destinations’ (Jorgensen and Solvoll 1996). This is not
a recent phenomenon. Even in 1999, an annual survey of
German traveller behaviour and tourism-related attitudes
showed that 43 % of Germans mentioned weather as the
most important factor when choosing a holiday destination
(Lohmann and Kaim 1999). Nevertheless, preferences or
perceptions of climate differ according to several factors,
such as age, cultural and climate contexts, as well as leisure
activities or the media, and are therefore hard to predict (Lise
and Tol 2002; overview of literature by Gössling et al. 2012,
Scott et al. 2012a).
One means of quantifying these preferences is through a
‘climate index’; the aim being to provide a measure of the
integrated effects of the atmospheric environment on a par-
ticular location. This would be useful both for tourists and
for the tourism industry to evaluate the potential of tourism
in a given area in terms of its perceived climate (de Freitas
et al. 2008). The index approach can also be used to analyse
the impact of climate change on the climatic attractiveness of
tourist destinations (Hamilton 2005). One of the most used
indices is that of Mieczkowski (1985), who developed the
Fig. 17.1 Relationship between climate change and tourism (Scott and Lemieux 2010)
Fig. 17.2 Number of peer-reviewed publications concerning climate
change and tourism produced per year between 1986 and 2012 (Becken
2013)
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Tourism Climate Index (TCI). This integrates several cli-
mate features into a single index and includes ratings for
thermal comfort, physical features (e.g. rain) and aesthetic
features (e.g. sunshine duration). Although Mieczkowski’s
index has been criticised by de Freitas (2003) owing to its
subjectivity, it is still being used or adapted by others (Scott
and McBoyle 2001; Scott et al. 2004; Amelung and Viner
2006; Amelung et al. 2007; Nicholls and Amelung 2008).
Morgan et al. (2000) modiﬁed the index to ﬁt beach users in
the UK, using ﬁve aspects of climate (Table 17.1).
Matzarakis (2007) used the index to develop a Climate
Tourism Information Scheme (CTIS) that includes parame-
ters such as cold stress, heat stress and snow fall (i.e. skiing
potential). This approach was also used for regional simula-
tions of future conditions along the German North Sea coast
(based on two regional climate models—REMO and CLM)
that takes into account local-scale differences between the
mainland coast and islands (Endler and Matzarakis 2010).
This chapter reviews information on climate change and
its impact on recreation and tourism in the North Sea region.
Because this is concentrated along the coast, the focus of this
chapter is on the impacts of climate change on coastal
tourism.
17.3 Impacts of Climate Change
Coastal tourism is the largest component of the tourism
industry worldwide (IPCC 2014a). At the same time, coastal
zones are especially vulnerable to the impacts of climate
change. Even so, until 2012 few studies had addressed the
topic of coastal tourism and climate change (Becken 2013).
Despite some studies for the Caribbean or Mediterranean Sea
and a few other beach or island regions (Nicholls and
Hoozemans 1996; Lohmann 2002; Giupponi and Shechter
2003; Nicholls and Klein 2003; Perry 2005, 2006; Amelung
and Viner 2006; Hein 2007; Giannakopoulos et al. 2009;
Lemelin et al. 2010; Perch-Nielsen 2010; Becken et al. 2011;
Jones and Phillips 2011; Scott et al. 2012c) there has been very
little published on climate change impacts on tourism in the
North Sea region. Those studies that do exist are all discussed
in this chapter. Figure 17.2 shows the recent increase in
publications on the impact of climate change on coastal
tourism. Some of these studies address the response of tourists
and tour operators to beach erosion and the tourist’s concern
about aesthetic appearance (Moreno and Becken 2009;
Buzinde et al. 2010), while others examine the vulnerability of
coastal tourism infrastructure to sea-level rise (Phillips and
Jones 2006; Bigano et al. 2008; Schleupner 2008).
Negative effects of climate change include rising sea
levels and extreme weather. Extreme storms and waves
together with sea-level rise will increase the extent and
frequency of flooding, storm surges and coastal erosion. Not
only will this affect natural areas used by tourists, but also
cultural assets and tourism infrastructure, especially trans-
portation and accommodation (Phillips and Jones 2006;
Amelung and Viner 2007; Scott et al. 2008). From a study of
beach tourism in East Anglia, Coombers et al. (2009)
showed that although sea-level rise would reduce the width
of the beach and cause a possible reduction in visitor num-
bers, this effect could be outweighed by increased visitation
due to better temperatures. However, overall, the economic
costs of negative climate change impacts on coastal tourism
could become extremely high (IPCC 2014a).
Positive effects of climate change on tourism have also
been predicted. The North Sea coastal region has a maritime
climate, which means mild winters and relatively warm
summers. Climate projections suggest fewer cold stress
events in winter, and less signiﬁcant changes in heat stress
events in summer compared to other regions such as the
Mediterranean. The higher average temperatures projected
by climate models imply a positive effect on the well-being
of tourists in the North Sea region. For example, higher
temperatures in summer may result in a longer (bathing)
season (Pinnegar et al. 2006; Nicholls and Amelung 2008).
Changes in precipitation patterns are expected to result in
dryer summers and wetter winters. A decrease in summer
precipitation may attract more tourists to the North Sea
coastal areas. More rain and extreme weather events in
winter could reduce the number of visitors in the low season.
Sea-level rise will become a major threat in the North Sea
region (see Chap. 6), especially for low-altitude islands with
limited tidal range, and coastal areas are particularly vul-
nerable to extreme weather events (Moreno and Becken
2009). Storm-surge height and the frequency of extreme
wave events are expected to increase over large areas—
especially in winter (IPCC 2014a). The IPCC cites an
increase in future flood losses along the North Sea coast
(IPCC 2014b), which may also affect the tourism industry.
Even though tourist destinations recover relatively quickly
from such disasters, damage to infrastructure and buildings
will result in additional costs. Adaptation to climate change
will also have economic impacts: Hamilton (2006) showed
that protection measures such as longer dikes have a
Table 17.1 Priority levels for climate aspects (Morgan et al. 2000)
Climate aspect Relative priority scores (out of 100
for aspects 1–4)
Windiness 26
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negative impact on accommodation prices along the German
sea coast.
Braun et al. (1999) investigated combined scenarios of
temperature and precipitation change with sea-level rise and
beach loss and their effect on the number of tourists travelling
to the Baltic and North Sea coasts of Germany. They con-
cluded that the likelihood of choosing the north German coast
for a holiday was slightly higher with increased temperatures.
However, for scenarios with potentially negative impacts on
the German coasts, such as beach erosion, the likelihood of
visiting was substantially lower, even if with adaptations
such as greater setback of tourism infrastructure or more
diversiﬁed outdoor activities. Lohmann (2002) concluded
that the effects of climate change in the North Sea area, such
as sea-level rise, were likely to destroy infrastructure and that
frequent extreme weather events may discourage visitors.
Infrastructure at ports and marinas is a major asset at
many destinations. Sea-level rise, coastal erosion and storms
might compromise its functionality. There is still a lack of
detailed academic research on this topic for the North Sea
region.
For the German North Sea coastline, sea-level rise is
expected to extend the tides (i.e. lengthen flood duration on
mudflats) hampering tidal flat walks for tourists
(Regierungskommission Klimaschutz 2012).
Higher average temperatures in the North Sea region will
also cause tourism-driven changes in biodiversity. If more
tourists visit the North Sea in, before and after the summer
season, this might increase pressure on local biodiversity, in
particular vegetation cover and habitat for nesting birds
(Coombers et al. 2008). Effects on nature-based tourism and
activities, like animal watching, still require closer academic
study. Travellers to the Baltic Sea coast judged algal blooms
negatively, especially for swimming (Nilsson and Gössling
2012). There is also concern that foam algae might pollute
the beaches (Regierungskommission Klimaschutz 2012).
Further studies are needed to examine the (potentially toxic)
effects of new plant species moving into the North Sea
region and an increase in harmful algal blooms could impact
on bathing water quality and the tourism industry in general
over the longer term (Gössling et al. 2012). Broader
socio-economic impacts of climate change on destinations,
such as those concerning health, security or insurance
implications should also be considered. Heat waves in
summer might adversely affect health resorts, but it may be
that such conditions are still preferable to those of other
inland destinations and will therefore have an advantage in
the future. Knowledge gaps still remain on health issues,
especially the future distribution of vector-borne disease
along the North Sea coast.
Overall, tourism in the North Sea area in summer is
expected to proﬁt from rising temperatures (air and water),
decreasing precipitation and a longer season. But
climate-driven changes in tourism demand are hard to
determine because the tourist decision-making process is
influenced by many other factors in addition to climate
(IPCC 2014a). In addition to the direct impacts of climate
change on tourism and its infrastructure, the more complex
and indirect effects of climate change are also important
because climate change affects all economic sectors, politics
and society as a whole (Kreilkamp 2011).
17.4 Changing Patterns in Tourism Flow
Climate change may also alter tourism patterns in Europe
radically by inducing changes in destination choice and
seasonal demand structure (Ciscar et al. 2011: 2680). The
scientiﬁc literature contains many references to tourists, their
preferences and their behaviour, including changes in tourist
flows and seasonality (Braun et al. 1999; Maddison 2001;
Lise and Tol 2002; Wietze and Tol 2002; Lohmann 2003;
Hamilton et al. 2005; Gössling and Hall 2006; Bigano et al.
2006b, 2008; Hamilton and Tol 2007; Moreno and Amelung
2009; Buzinde et al. 2010; Hall 2010; Perch-Nielsen et al.
2010; Denstadli et al. 2011; Rosselló-Nadal et al. 2011;
Gössling et al. 2012). One of the major questions these
studies raise is whether mass tourism of the type seen today
at the Mediterranean Sea coast will shift to destinations in
northern Europe, such as the North Sea region. Climate
change could also result in a seasonal change in visits.
The climate for tourist activities in the North Sea is
expected to improve signiﬁcantly in summer but less so in
autumn and spring for northern continental Europe, Finland,
southern Scandinavia, and southern England, especially after
2070 (Amelung et al. 2007; Nicholls and Amelung 2008;
Amelung and Moreno 2012). At the same time, the attrac-
tiveness of the Mediterranean Sea region is expected to
decline as comfort distribution changes from a ‘summer
peak’ to a ‘bimodal distribution’, with less attractive sum-
mers and more attractive springs and autumns (Amelung and
Viner 2006; Amelung et al. 2007; Moreno and Amelung
2009; Hein 2009; Perch-Nielsen et al. 2010; Moriondo et al.
2011), see also Table 17.2.
However, studies conclude that by 2030 (or even 2060)
the Mediterranean Sea region will not have become too hot
for beach tourism (Moreno and Amelung 2009; Rutty and
Scott 2010), because surveys show that it is mostly rain that
drives beach tourists away (de Freitas et al. 2008; Moreno
2010). Domestic tourism and international visits from
southern Europe to locations in northern Europe may
increase at the expense of southern locations (Hamilton and
Tol 2007; Willms 2007; Hein 2009; Amelung and Moreno
2012; Bujosa and Rosselló 2012). The Intergovernmental
Panel on Climate Change stated with medium conﬁdence
that tourism activity may increase in northern and
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continental Europe, developing travelling patterns closer to
home (IPCC 2014b). Nevertheless, no signiﬁcant changes in
the tourism sector are expected before 2050.
A spatial and temporal redistribution of tourism through
climate change could lead to shifts, such as Europeans
extending their tourism activities over a longer period, tak-
ing trips to the Mediterranean Sea region in spring and
autumn, and to northern Europe in summer (Ciscar et al.
2011). However, a key assumption is that the tourism system
has full flexibility in responding to climate change (Ciscar
et al. 2011: 2681). Studies are also needed to address any
new environmental challenges appearing along the North
Sea coast, for example if more infrastructure and buildings
are needed for the already well visited summer period.
However, there are limitations to those forecasts. Preferred
beach temperatures differ among travellers from different
countries (Scott et al. 2008; Rutty and Scott 2010). Accord-
ing to Maddison (2001), British tourists are attracted to cli-
mates around an average of 30.7 °C, which they are unlikely
to ﬁnd in northern Europe even with climate change. Rutty
and Scott (2013) interviewed beach tourists on Caribbean
islands and found that travellers from the UK preferred
temperatures of 27–30 °C while Germans preferred 30 °C. It
was shown that preferred beach temperatures differ among
travellers from different countries (Scott et al. 2008; Rutty
and Scott 2010). Rutty and Scott (2010) also found that the
impact of media news about heat waves on travel decisions
varied according to the level of commitment to the trip
(planning a holiday or a trip already booked). Hall (2012)
listed the major weaknesses of current models in predicting
travel flow as follows: validity and structure of statistical
databases; temperature assumed to be the most important
weather parameter; role of information in decision-making
unclear; role of non-climatic parameters unclear (e.g. social
unrest, political instability, risk perceptions, destination per-
ception); assumed linearity of change in behaviour unrealis-
tic; and future costs of transport and availability of tourism
infrastructure uncertain.
The assumption that rising temperatures will be positive
for northern European tourist destinations does not consider
the impact of other, potentially negative environmental
changes in the region (e.g. Hall 2008). Also, there are
tourists that still want to travel to regions where they expect
resources other than the weather. For example, Moreno
(2010) found that almost three-quarters of visitors from
Belgium and the Netherlands questioned would still travel to
the Mediterranean Sea region even if their self-deﬁned pre-
ferred climatic conditions existed in northern Europe. For
some people, certain destinations appeal for reasons largely
unaffected by climate change, including uniqueness, travel
time, standard and cost of accommodation, perceived safety
and security, existing facilities, services, access, and host
hospitality (Hall 2005). It becomes clear that climate change
is just one out of many factors affecting their attractiveness.
17.5 Mitigation and Adaptation Policies
Destinations can seek to lessen the impact of climate change
on tourism by adapting to the changes (Gössling et al. 2012).
Several studies address both adaptation and mitigation (see
Scott and Becken 2010; Scott et al. 2012b; Becken 2013 and
Gössling et al. 2013).
As tourists are flexible in their destination choice and
because tourism operators can easily change their portfolio,
adaptation measures are of special importance for tourism
suppliers on site. The choice of adaptation measures (for
example when securing infrastructure, rebuilding accom-
modation, and changing transport) will depend on the type
and magnitude of the climate impacts. They may also affect
destination attractiveness. For example, raising seawalls on
the North Sea coast could result in a less appealing land-
scape (Regierungskommission Klimaschutz 2012). More
research is needed to understand the role of coastal zone
management and tourism activities in climate change adap-
tation, especially in the North Sea region.
In deciding on long-lasting adaptation measures and
investigations, the tourism sector faces two fundamental
issues: uncertainty in climate scenarios (Turton et al. 2010)
and short investment cycles (Bicknell and McManus 2006).
Table 17.2 Qualitative assessment of the impact of climate change (IPCC SRES A1F scenario) on sustainable tourism development in the
Balearic Islands in the 21st century (Amelung and Viner 2006)
Spring Summer Autumn Winter Net effect
Revenue ↑↑ ↓↓↓ ↓↓ ↑↑ ↓↓
Occupancy ↑↑ ↓↓ ↔/↓ ↑↑ ↑
Employment ↑↑ ↓↓↓ ↓↓ ↑↑ ↓↓
Migration ↑ ↓↓↓ ↓↓ ↔ ↓↓
Water use ↑↑ ↓↓↓ ↓↓ ↑↑ ↓
Impact on biodiversity ↑↑↑ ↓↓↓ ↓↓ ↑ ↓
↑ Increase; ↓ decrease; ↔ little or no change
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Nevertheless, more frequent extreme weather events over the
past few years have raised awareness of the need for climate
change adaptation and disaster reduction (d’Mello et al.
2009; Becken and Hughey 2013).
Tourism is, in parts, an energy-intensive industry and so
itself contributes to climate change. According to
UNWTO/UNEP (2008), global tourism accounts for 5 % of
global carbon dioxide emissions (Fig. 17.3). A busi-
ness-as-usual scenario projects emissions from global tour-
ism to grow by 161 % between 2005 and 2035. Emissions
from air transport and accommodation are expected to triple.
Two alternative emission scenarios show that mitigation
solutions using technology only are hard to achieve. Even
combined with behavioural changes, no signiﬁcant reduc-
tions in carbon emissions can be gained in 2035 compared to
2005 (IPCC 2014c). In a recent article on tourism’s global
environmental impact, Gössling and Peeters (2015) predict
that tourism-related energy use, emissions, and water, land
and food requirements will double within the next 24–
45 years. The growth factor for the different components
varies from 1.92 (fresh water) to 2.89 (land use) for 2050.
An alternative development is possible, but would require a
tremendous effort by politics, industry and tourists. But as
the demand for tourism is expected to increase (IPCC
2014c), mitigation options are necessary. More research is
needed, especially in the transport sector (such as on
switching from kerosene to biofuels) and the building sector
(such as on retroﬁtting or energy-efﬁcient new builds) (IPCC
2014c).
A key question is the extent to which tourists will change
their travel plans to reduce their impact on global climate.
Their apparent unwillingness to adapt their travel behaviour
means that the greatest responsibility for mitigation remains
with politicians, the tourism industry and tourism supply.
According to Kreilkamp (2011), it is a matter of innova-
tiveness: Adaption as well as mitigation actions can be used
by companies that aim to differentiate themselves from
competitors through innovative approaches and use such
actions for effective public relations. Gössling et al. (2013)
showed how climate policy may influence travel costs and
tourism patterns. Countries with strong climate change policy
frameworks (carbon taxes, emissions trading schemes, etc.)
also show more interest in tourism-speciﬁc policies to
address climate change (Becken and Hay 2012). No country
has yet adopted a low-carbon tourism strategy (OECD/UNEP
2011) and academic research on tourism policy dealing with
climate change is still rare (Becken 2013).
17.6 Conclusions and Future Research
Despite the many papers published up to today, an analysis
of the content of four leading tourism journals showed that
publications on climate change represented only 1.7 % of all
papers published between 2000 and 2009. It demonstrates
that 66 % of the 128 papers found were classiﬁed as studies
of the potential impacts of climate change on destinations or
changing visitation patterns, with 40 % on winter ski tour-
ism and less than 10 % on small islands or coastal areas
(Scott 2011). For a more detailed analysis of tourism
knowledge with respect to climate change adaptation, miti-
gation and impacts see Hall (2012).
Gössling et al. (2012) summarised in their paper review
of the complexity of demand responses and consumer
behaviour influenced by climate change that some knowl-
edge gaps remain. It is still difﬁcult to understand the
impacts of extreme weather and environmental events on
tourist behaviour and this should be considered over both the
short and the longer term. There is an assumption that rising
temperatures will have positive effects for northern European
tourist destinations. However, this does not consider the
impact of negative environmental changes in the region or
that tourists will still want to travel to climatically disad-
vantaged regions, since climate change is not the only factor
affecting the attractiveness of travel destinations.
Destinations can seek to deal with climate change through
adaptation measures and thereby lessen its potential impacts.
Further research is needed on the relationship between the
impacts of climate change and speciﬁc tourist behaviours,
activities, or tourism flows to coastal destinations (Moreno
and Amelung 2009). Also, as Scott et al. (2012b) pointed
out, very few studies address the consequences of mitigation
policy in tourism.
Despite some negative impacts, the direct consequences
of climate change are expected to be mostly positive for the
Fig. 17.3 Percentage contribution of tourism sub-sectors to carbon
dioxide emissions (UNWTO/UNEP 2008)
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tourist industry in the North Sea region if supply can keep up
with demand. The seasonal distribution of demand will
improve substantially in summer, and the region will be able
to compete better with other major destinations such as the
Mediterranean Sea region due to the warmer, dryer summers
expected in the future. As the season lengthens, there will be
more days suitable for outdoor recreation. Overall, climate in
the North Sea region for tourism will improve. However,
other conditions, such as beach width, landscape, and water
quality will be affected negatively.
Although the tourism industry has little influence on the
behaviour of tourists (IPCC 2014c), it can still take action on
tourism supply. Some researchers see a need for drastic
changes in the forms of tourism and the uses of leisure time
as well as in destinations (Ceron and Dubois 2005;
UNWTO/UNEP 2008; Gössling et al. 2010; Dubois et al.
2011; Peeters and Landré 2012).
Further studies in the North Sea region are essential to
better understand the role of climate change impacts on the
attractiveness of tourist destinations; on a changing Tourism
Climate Index on tourism there, on changes in tourism
demand and on possible shifts in travelling. As catastrophic
events show, such as terrorism or natural disasters, the
tourism industry is resilient. Nevertheless, actors in the
tourism industry along the North Sea coast need to minimise
risks while seeking to take advantage of new opportunities.
Multidisciplinary research is needed that considers tourism
trends, including climate change, together with social, eco-
logical, economic, technological and cultural developments.
More research is needed on how the challenges brought by
climate change could be addressed in a proactive and sus-
tainable manner.
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